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Abstract—New bis-o-benzoquinones (3,5-Q)-6-CH,0—(CH,),—OCH,-6-(3,5-Q) (n = 2 (L"), 4 (L?), and
6 (L%) and (3,5-Q)-6-(CH,0CH,);-6-(3,5-Q) (L% (3,5-Q is 3,5-di-fert-butyl-o-benzoquinone) with vari-
ous diol spacers have been synthesized and characterized. The oxidative addition of SbPh; to these bis-o-ben-
zoquinones affords binuclear triphenylantimony(V) bis(catecholate) complexes Ph;Sb(3,5-Cat)-6-CH,0—
(CH,),—OCH,-6-(3,5-Cat)SbPh; (I-III, respectively) and Ph;Sb(3,5-Cat)-6-(CH,OCH,);-6-(3,5-
Cat)SbPh; (IV) (3,5-Cat is 3,5-di-tert-butyl catecholate). The molecular structures of quinones L —L*and
bis(catecholate) complex I in the crystalline state were determined by X-ray diffraction analysis (CIF files
CCDC nos. 1998601 (L"), 1998602 (L?), 1998603 (L), 1998604 (L*), and 1998605 (I - n-pentane)).
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INTRODUCTION

Organoantimony compounds are interesting
objects of both coordination [1—8] and organic chem-
istry [9—14], since they have a high potential of appli-
cation in medicine and pharmacology due to the anti-
microbial, antiparasitic, and anticancer properties
[15—19]. Researchers are interested in the anti-
mony(V) complexes with redox-active ligands of the
o-quinone type owing to the variety of structures
formed by the antimony(V) compounds [20] and
interesting chemical properties. For example, they are
capable of reversibly adding molecular oxygen [21—
26] and binding halide anions. They can be used as
fluorescent sensors of fluoride anions [27—32], etc.

The coordination chemistry of bis-o-quinones is
being intensively developed in the recent decades [33—
41] but remains much less studied than the chemistry
of the mononuclear analogues [42—45]. Synthesized
by us 4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde
[46] and 4,6-di-fert-butyl-3-(methoxymethyl)cate-
chol [47] are convenient structural blocks for the syn-
thesis of sterically shielded bis-catechol and o-benzo-
quinones in high preparative yields. This study is a
continuation of the cycle of works devoted to the syn-
thesis and properties of oligomeric o-benzoquinones.

The synthesis and structures of sterically hindered
bis-o-benzoquinones with flexible bridging groups
based on diols and the synthesis of the related binu-

clear triphenylantimony(V) bis-catecholate complexes
are described in this work.

EXPERIMENTAL

The solvents used were purified according to stan-
dard procedures [48]. Bis-catechols synthesized ear-
lier [49] were oxidized to bis-o-benzoquinones using
the procedure presented below.

Synthesis of (3,5-Q)-6-CH,0—(CH,),—OCH,-6-
3,5-Q) (n=2 (L"), 4 (L?), and 6 (L?)) and (3,5-Q)-6-
(CH,0CH,);-6-(3,5-Q) (L% (3,5-Q is 3,5-di-zert-
butyl-o-benzoquinone). A solution of K;Fe(CN),
(30 mmol) and KOH (12 mmol) in water (100 mL)
was added to a solution of the corresponding bis-cate-
chol) (3 mmol) in Et,0 (40 mL) with vigorous stirring.
The reaction mixture was actively stirred for 45 min.
Then the mixture was washed with water (3 X
100 mL), and the extract was dried over anhydrous
sodium sulfate. The solvent was evaporated, and the
residue of bis-o-benzoquinone was recrystallized from
hexane (15 mL).

Ligand L!, being 6,6'-(ethane-1,2-diylbis(oxymethy-
lene))-bis-(3,5-di-fert-butyl-o-benzoquinone), was iso-
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lated as yellow-green crystals (7, = 148—150°C) in a
yield of 1.35 g (85%).

For C32H4606
Anal. calcd., % C,72.97 H, 8.80
Found, % C, 72.60 H, 8.90

IR (v, cm™1): 477 w, 518 w, 556 w, 573 w, 633 w, 640 w,
678 w, 695w, 761 w, 787 w, 821 w, 843 w, 881 s, 923 w,
950 w, 964 w, 996 s, 1022 w, 1048 s, 1092 s, 1120 s,
1177 w, 1220 s, 1248 s, 1261 w, 1273 w, 1294 s, 1332 m,
1370 w, 1391 w, 1416 s, 1531 w, 1538 w, 1574 s, 1625 s,
1667 s, 1782w, 1790 w, 2748 w, 2759 w, 3138 w, 3245 w,
3566 w.

'H NMR (CDCl;, 400 MHz), 8, ppm: 1.24 (s,
18H, #-Bu), 1.37 (s, 18H, t-Bu), 3.63 (s, 4H, O—CH,—
CH,—0), 4.45 (s, 4H, CH,—0), 7.07 (s, 2H, C(H,).
13C NMR (100 MHz, CDCl,), 8, ppm: 29.06, 30.03,
35.37, 38.66, 62.43, 70.03, 132.56, 137.21, 148.49,
159.69, 179.53, 182.36.

Ligand L2, being 6,6'-(butane- 1,4-diylbis(oxymethy-
lene))-bis-(3,5-di-fert-butyl-o-benzoquinone), was iso-
lated as red-green crystals (7}, = 93—95°C) in a yield of
1.37 2 (83%).

For C34H5,0¢
Anal. caled., % C, 73.61 H, 9.08
Found, % C, 73.50 H, 9.24

IR (v,cm™"): 482 w, 516 w, 534 w, 578 w, 647 w, 679 w,
792 w, 843 w, 875 w, 925 w, 949 w, 984 s, 1011 s,
1028 w,1052 w, 1064 w, 1180 w, 1207 w, 1220 s, 1256 w,
1290 w, 1323 s, 1405w, 1417 w, 1497 s, 1531 w, 1538 w,
1584 s, 1632 s, 1668 s, 2752 s, 2881 w, 3247 w, 3263 w,
3851 w.

'H NMR (400 MHz, CDCl,), 8, ppm: 1.24 (s,
18H, #-Bu), 1.38 (s, 18H, #-Bu), 1.62 (m, 4H, O—
CH,—CH,-CH,—CH,—0), 3.46 (m, 4H, O—CH,—
CH,—CH,—CH,—0), 4.38 (s, 4H, CH,—0), 7.08 (s,
2H, C¢H,). “C NMR (100 MHz, CDCl,), 8, ppm:
26.51, 29.08, 30.04, 35.38, 38.64, 62.16, 70.67, 132.66,
137.19, 148.49, 159.53, 179.50, 182.34.

Ligand L3, being 6,6'-(hexane-1,6-butane-1,4-
diyl-bis(oxymethylene))-bis-(3,5-di-fert-butyl-o-benzo-
quinone), was isolated as green crystals (7,, = 116—
118°C) in a yield of 1.37 g (78%).

For C36H54O6
Anal. calcd., % C,74.19 H,9.34
Found, % C, 74.47 H, 9.58

IR (v,cm™"): 482 w, 516 w, 527 w, 550 w, 578 w, 643 w,
657w, 697 w, 792 w, 818 w, 840 w, 876 w, 896 w, 925 w,
949 w, 979 w, 1001 w, 1013 s, 1034 w,1052 w, 1069 w,
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1139 w, 1163 w, 1185w, 1222w, 1254 s, 1291 w, 1323 s,
1406 w, 1419 w, 1497 s, 1533 w, 1539 w, 1584 s, 1630 s,
1669 s, 1846 w, 1980 w, 2753 s, 2881 w, 3250 w, 3257 w,
3854 w.

'H NMR (400 MHz, CDCl;), 8, ppm: 1.24 (s,
18H, #-Bu), 1.33 (m, 4H, O—CH,—CH,—CH,—CH,—
CH,—CH,—0), 1.39 (s, 18H, #-Bu), 1.56 (m, 4H, O—
CH,—CH,-CH,—CH,—CH,—CH,-0), 3.44 (t,
3J(H,H) = 6.6 Hz, 4H, O—CH,—CH,—CH,—CH,—
CH,—CH,—0), 4.38 (s, 4H, CH,—0), 7.08 (s, 2H,
C¢H,). *C NMR (100 MHz, CDCI,), 8, ppm: 26.03,
29.08, 29.65, 30.00, 35.37, 38.66, 62.14, 70.95, 132.70,
137.21, 148.46, 159.54, 179.50, 182.34.

Ligand L*, being 6,6'-((oxy-bis(ethane-2,1-diyl))-bis-
(oxymethylene)-bis-(3,5-di-fert-butyl-o-benzoqui-
none), was isolated as dark green crystals (7,,= 88—
90°C) in ayield of 1.40 g (83%).

For C34H5007
Anal. calcd., % C, 71.55 H, 8.83
Found, % C, 71.32 H, 8.49

IR (v, cm™"): 478 w, 516 w, 551 w, 575w, 633 w, 639 w,
679 w, 707 w, 731 w, 788 w, 817 w, 838 w, 871 s, 906 w,
926 w, 936 w, 981 w, 1012 w, 1052 s, 1105 w, 1128 w,
1139 w, 1166 w, 1175 w, 1219 w, 1254 s, 1292 w, 1320 s,
1348 w, 1409 s, 1420 w, 1495 s, 1531 w, 1537 w, 1582 s,
1629 s, 1666 s, 1789 w, 1915 w, 1998 w, 2749 s, 2759 w,
3253 w, 3258 w, 3647 w.

'H NMR (400 MHz, CDCl;), 8, ppm: 1.23 (s,
18H, #-Bu), 1.38 (s, 18H, #-Bu), 3.61 (s, 8H, O—CH,—
CH,—0), 4.46 (s, 4H, CH,—0), 7.07 (s, 2H, C¢H,)).
BC NMR (100 MHz, CDCI,), 8, ppm: 29.05, 29.98,
35.36, 38.66, 62.46, 69.98, 70.34, 132.47, 137.20,
148.49, 159.77, 179.46, 182.30.

Synthesis of Ph;Sb(3,5-Cat)-6-CH,0—(CH,),—
OCH,-6-(3,5-Cat)SbPh; (n =2 (1), 4 (I1), and 6 (I1I))
and  Ph;Sb(3,5-Cat)-6-(CH,OCH,);-6-(3,5-Cat)-
SbPh; (IV) (3,5-Cat is 3,5-di-zerz-butyl-catecholate)
was carried out in evacuated ampules in the absence of
oxygen and moisture using a described procedure [50].
Solutions of triphenylantimony (0.176 g, 0.5 mmol,
15 mL of toluene) and the corresponding bis-o-ben-
zoquinone (0.25 mmol, 15 mL of toluene) were mixed
at room temperature. The green color of the solutions
gradually disappeared during the reaction course, and
the solution became yellow after the end of the reac-
tion. The complexes were light yellow powders stable
in air.

Complex I is 3,3'-(ethane-1,2-diyl-bis(oxymethy-
lene)-bis-((4,6-di-tert-butylcatecholato)triphenylan-
timony(V)). Triphenylantimony (134 mg, 0.38 mmol)
and quinone L! (100 mg, 0.19 mmol) were used. After
the solutions was concentrated and kept at room tem-
perature for 24 h, the formed precipitate was filtered

No. 12 2020



NEW STERICALLY HINDERED BIS-0-BENZOQUINONES

off and dried in vacuo. The yield of the product as a
yellow finely crystalline powder was 198 mg (85%).

For C68H76065b2
Anal. calcd., % C, 66.25 H, 6.21 Sb, 19.75
Found, % C, 66.64 H, 6.35 Sb, 19.54

IR (v, cm™"): 3071 w, 3055 w, 2953 s, 2923 s, 2853 s,
1708 w, 1638 w, 1631 w, 1594 w, 1578 w, 1552w, 1463 s,
1434 s, 1413 s, 1406 s, 1413 s, 1378 s, 1365 w, 1332 w,
1317 w, 1293 s, 1260 m, 1241 s, 1211 w, 1178 w, 1160 w,
1098 m, 1090 m, 1073 m, 1059 m, 1031 w, 1005 m,
997 m, 962s, 924 m, 873 w, 863w, 792w, 785w, 748 s,
732s,693s, 656 w, 625 m, 594 w, 564 w, 533 w, 513 w,
454 s.

'H NMR (400 MHz, CDCI,), 8, ppm: 1.44 (s,
18H, #-Bu), 1.45 (s, 18H, -Bu), 3.89 (s, 4H, O—CH,—
CH,—0), 4.94 (s, 4H, Ar—CH,—0), 6.76 (s, 2H,
arom. CsH)), 7.37—7.47 (s, 18H, arom. SbPh,), 7.78—
7.84 (m, 12H, arom. SbPh;). C NMR (100 MHz,
CDCl,), o, ppm: 29.62, 32.76, 34.71, 35.91, 67.05,
69.99, 112.66, 118.45, 129.06, 131.01, 132.55, 135.18,
137.55, 138.03, 142.97, 148.03.

Complex II is 3,3'-(butane-1,4-diyl-bis(oxymethy-
lene))-bis-((4,6-di-tert-butylcatecholato)triphenylanti-
mony(V)). Triphenylantimony (127 mg, 0.36 mmol)
and quinone L? (100 mg, 0.18 mmol) were used. The

yield of the product as a light yellow powder was 180 mg
(79%).

For C70H80068b2
Anal. caled., %  C, 66.68 H, 6.40 Sb, 19.31
Found, % C, 66.83 H, 6.52 Sb, 19.14

IR (v, cm™'): 3051 w, 2954 s, 2924 s, 2854 s, 2727 w,
1594 w, 1578 w, 1552 w, 1462 s, 1434 m, 1411 m,
1405 m, 1377 m, 1366 m, 1352 m, 1315 w, 1291 m,
1262 m, 1241 m, 1212 w, 1192 w, 1181 w, 1156 w,
1094 m, 1063 m, 1023 w, 1008 w, 997 m, 961 m, 871 w,
860w, 783w, 760w, 748 m, 734 s, 693 s, 666 w, 656 w,
624 m, 564 w, 532 w, 514 w, 492 m.

'H NMR (400 MHz, CDCl;), 8, ppm: 1.40 (s,
18H, #-Bu), 1.41 (s, 18H, #-Bu), 1.75 (m, 4H, O—
CH,-CH,—-CH,—CH,-0), 3.61 (t, ‘J(H,H) =
5.6 Hz, 4H, O—CH,—CH,—CH,—CH,—0), 4.81 (s,
4H, Ar—CH,—0), 6.71 (s, 2H, arom. C4H,), 7.37—
7.43 (m, 18H, arom. SbPh,), 7.74—7.81 (m, 12H,
arom. SbPh;). BC NMR (100 MHz, CDCl,), 8, ppm:
27.16, 29.64, 32.70, 34.69, 35.88, 66.79, 70.98, 112.58,
118.64, 129.04, 131.01, 132.42, 135.21, 137.46, 138.07,
142.99, 148.00.

Complex 11 is 3,3'-(hexane- 1,6-diyl-bis(oxy-methy-
lene))-bis-((4,6-di-fert-butylcatecholato)triphenylan-
timony(V)). Triphenylantimony (120 mg, 0.34 mmol)
and quinone L? (100 mg, 0,17 mmol) were used. The
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yield of the product as a yellow powder was 190 mg
(87%).

For C;,Hg,04Sb,
Anal. calcd., % C, 67.09 H, 6.57 Sb, 18.89
Found, % C, 67.30 H, 6.70 Sb, 18.61

IR (v, cm™"): 3579 w, 3057 w, 3043 w, 2954 s, 2924 s,
2854 s, 1961 w, 1908 w, 1886 w, 1819w, 1773 w, 1764 w,
1644 m, 1590 m, 1578 m, 1549 m, 1479 m, 1462 s,
1430s, 1416 s, 1385 m, 1377 m, 1362 m, 1333 m,
1305w, 1289 s, 1258 m, 1248 m, 1240 m, 1210 m,
1184 m, 1157 w, 1081 s, 1075 s, 1052 s, 1024 w, 1000 s,
961 m, 950 m, 912 m, 875 m, 861 m, 818 w, 792 w,
765w, 748 m, 737 s, 696 s, 679 w, 662 w, 626 w, 613 w,
511 w, 482 w, 456 m.

'H NMR (400 MHz, CDCl,), 8, ppm: 1.36 (m,
4H, O—CH,—CH,—CH,—CH,—CH,—CH,—0), 1.40
(s, 18H, #-Bu), 1.41 (s, 18H, #-Bu), 1.63 (m, 4H, O—
CH,—-CH,-CH,—-CH,-CH,-CH,-0), 3.58 (1,
3J(H,H) = 6.8 Hz, 4H, O—CH,—CH,—CH,—CH,—
CH,—CH,—0), 4.81 (s, 4H, Ar-CH,-0), 6.71 (s, 2H,
arom. C¢H,), 7.39—-7.46 (m, 18H, arom. SbPh;),
7.77-7.82 (m, 12H, arom. SbPh;). BC NMR (100
MHz, CDCl;), 8, ppm: 26.51, 29.63, 30.11, 32.69,
34.69, 35.89, 66.72, 71.14, 112.72, 118.57, 129.03,
131.01, 132.43, 135.24, 137.39, 138.13, 143.10, 147.81.

Complex IV is 3,3'-(oxy-bis(ethane-2,1-diyloxymeth-
ylene))-bis-((4,6-di-tert-butylcatecholato)tri-phenylanti-
mony(V)). Triphenylantimony (123 mg, 0.35 mmol) and
quinone L* (100 mg, 0.175 mmol) were used. The yield of
the product as a light yellow powder was 181 mg (81%).

For C70H8007Sb2
Anal. calcd., % C, 65.84 H, 6.32 Sb, 19.07
Found, % C, 65.97 H, 6.40 Sb, 18.95

IR (v, cm™): 3070 w, 3055 w, 2954 s, 2925 s, 2725 W,
1463 s, 1435 m, 1411 s, 1403 s, 1377 s, 1304 w, 1288 m,
1262 m, 1242 w, 1210 w, 1160 w, 1104 w, 1078 m,
1063 m, 1022 w, 997 m, 961 w, 863 w, 787 w, 782 w,
748 w, 733 m, 693 m, 622w, 564w, 533w, 511w, 440s.

'H NMR (400 MHz, CDCls), 8, ppm: 1.41 (s,
18H, #-Bu), 1.42 (s, 18H, #-Bu), 3.65 (t, *J(H,H) = 5.4
Hz, 4H, (Ar—CH,—-O-CH,—CH,),0), 3.76 (1,
3J(HLH) = 54 Hz, 4H, (Ar—CH,—-O—CH,—
CH,),0), 4.92 (s, 4H, Ar—CH,—0), 6.73 (s, 2H,
arom. C¢H,), 7.39-7.48 (m, 18H, arom. SbPh;),
7.76—7.83 (m, 12H, arom. SbPh;). *C NMR (100
MHz, CDCly), 3, ppm: 29.60, 32.69, 34.68, 35.89,
66.98, 69.73, 70.66, 112.65, 118.29, 129.05, 131.01,
132.53, 135.18, 137.58, 138.08, 142.94, 148.01.

'H and ¥C NMR spectra were recorded on Bruker-
Avance HD-400 spectrometer with a frequency of
400 MHz using tetramethylsilane as the internal stan-
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dard and CDCI; as the solvent. IR spectra were
recorded on an FSN-1201 FT-IR spectrometer in a
range of 400—4000 cm~! in Nujol. Elemental analyses
to C, H, and Sb were carried out by the pyrolytic
method with the gravimetric end.

The crystals of compounds L!'—L* suitable for
X-ray diffraction analysis were obtained by slow crys-
tallization from a solution in #-hexane, and the crys-
tals of complex I were crystallized from pentane in the
form of solvate I - n-pentane.

X-ray diffraction analysis (XRD). Diffraction data
on the crystals of compounds L'—L* and I were col-
lected on a Bruker D8 Quest single-crystal X-ray dif-
fractometer at 100 K. Experimental sets of intensities
(MoK, radiation, ® and ¢ scan modes) were inte-
grated using the SAINT program [51]. The structures
were determined by the “dual-space” method using
the SHELXT program [52] and refined by full-matrix

least squares for E,zk, in the anisotropic approximation
for all non-hydrogen atoms using the SHELXTL pro-
gram package [53]. Hydrogen atoms were placed in
the geometrically calculated positions and refined iso-
tropically. An absorption correction was applied using
the SADABS program [54]. One of the o-quinone
fragments in L* and one phenyl ring in each Ph,;Sb
fragment, as well as the —CH,OCH,CH,OCH,—
bridge of bis(catecholate) in compound I, were disor-
dered over two positions. The molecular structures
were drawn using the OLEX2 program [55]. The sol-
vate pentane molecule disordered over two common

BUKHVALOVA et al.

positions was found in the crystal of compound I (ratio
1 : 1 to the antimony complex). The crystallographic
data and structure refinement parameters for com-
pounds L'—L* and I are presented in Table 1.

The structural data were deposited with the Cam-
bridge Crystallographic Data Centre (CIF files
CCDC nos. 1998601 (L"), 1998602 (L?), 1998603
(L%, 1998604 (L%, and 1998605 (I - n-pentane);
deposit@ccdc.cam.ac.uk; www: http://www.ccdc.
cam.ac.uk).

RESULTS AND DISCUSSION

The oxidation of bis-catechols, which were synthe-
sized earlier via the interesterification of 4,6-di-tert-
butyl-3-(methoxymethyl)catechol by diols (ethane-
1,2-diol, butane-1,2-diol, hexane-1,2-diol, and dieth-
ylene glycol), using potassium ferricyanide in an alka-
line medium (Scheme 1) affords in high yields the cor-
responding bis-o-benzoquinones L!'—L* with the flex-
ible CH,0—R—OCH, bridging groups based on diols.
Binuclear triphenylantimony(V) complexes I-IV were
synthesized via the oxidative addition of bis-o-benzo-
quinones to triphenylantimony (Scheme 1). This
method for the synthesis of the complexes facilitates
the isolation of the target compounds, since secondary
reaction products, which cannot be avoided in the
synthesis of the complexes by the substitution of cate-
chols by triphenylantimony(V) dibromide, are absent
in the most cases.

t-Bu t-Bu -Bu
OH o) 0
,SbPh;
t-Bu OH -Bu (0] t-Bu 0
K3Fe(CN)g 0] (0}
1:{ KOH, Et,0 l|{ SbPh; }I{
o} o) e}
-Bu OH t-Bu 0] -Bu (o)
'SbPhs
OH o) o
-Bu -Bu -Bu
L!: R =(CH,),, 85% I, 85%
L% R = (CH,)4, 83% II, 79%
L3: R = (CHy)g, 78% ﬁ;l :17;%
L* R = CH,CH,0CH,CH,, 83% PO
Scheme 1.
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Parameter L! L2 L3 L4 I - n-pentane
Empirical formula C3,HyO06 C34H50Og C36H5404 C;34Hs5004 C13HggOSb,
Fw 526.69 554.74 582.79 570.74 1304.93
T, K 100(2) 100(2) 100(2) 100(2) 100(2)
Crystal system Triclinic Monoclinic Monoclinic Triclinic Triclinic
Space group Pl /¢ 2/c Pl Pl
a, A 9.8257(7) 24.6406(15) 25.692(14) 9.5388(4) 13.1643(4)
b, A 10.8671(8) 11.7979(7) 12.149(7) 9.6584(4) 14.9533(5)
c, A 14.0510(9) 12.2934(7) 11.919(6) 18.9126(8) 19.1987(6)
o, deg 100.406(3) 90 90 84.952(2) 68.5910(11)
B, deg 90.075(3) 117.2994(9) 116.315(7) 87.143(2) 71.1952(11)
v, deg 90.420(4) 90 90 68.646(2) 72.1616(11)
v, A3 1475.60(18) 3175.7(3) 3335(3) 1616.20(12) 3253.46(18)
VA 2 4 4 2 2
Palc, &/cm’ 1.185 1.160 1161 1173 1.332
u, mm~! 0.080 0.078 0.077 0.080 0.881
F(000) 572 1208 1272 620 1352
20,.x deg 50.00 56.00 46.43 60.33 58.00
Number of measured/ 6882/4950 16600/3835 10095/2352 24305/9561 49462/17210
independent reflections
Ry 0.0377 0.0302 0.1303 0.0313 0.0269
Number of refined 356 187 196 499 812
parameters
R, wRy (I >25(1)) 0.0634, 0.1550 | 0.0383,0.0994 0.0694, 0.1351 0.0519, 0.1221 0.0304, 0.0674
R, wR, (for all data) 0.0805, 0.1773 0.0460, 0.1029 0.1147, 0.1493 0.0795, 0.1356 0.0441, 0.0710
GOOF for F? 1.068 1.052 1.071 1.018 1.007
Residual electron density 0.290/—0.335 0.397/—0.192 0.237/—0.250 0.346/—0.282 0.915/-0.516
(max/min), e/A3

Bis-o-benzoquinones L'—L* and bis-catecholate
complexes I-IV were isolated in the individual state
and characterized by IR spectroscopy, NMR spec-
troscopy, and elemental analysis. The single crystals
suitable for XRD were grown for compounds L'—L*
and I, and their structures were confirmed by the
XRD method.

According to the '"H NMR data, the molecules
considered are symmetric in the solution: singlets of
the tert-butyl fragments are observed at 1.23—1.24 and
1.37—1.39 ppm for bis-o-quinones (at 1.40—1.44 and
1.41—1.45 ppm for triphenylantimony catecholates),
singlets of the OCH, groups at the six-membered car-
bon ring are observed at 4.38—4.46 ppm for bis-o-qui-
nones and 4.81—4.94 ppm for triphenylantimony ca-
techolates, singlets of the protons in the quinone rings
of compounds L!—L* appear at 7.07—7.08 ppm, and
singlets of the corresponding protons in the aromatic
rings of the catecholate ligands in complexes I-IV are

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 46

observed at 6.71—6.76 ppm. The data of *C NMR
spectroscopy also confirm that the quinone fragments
of compounds L'—L* are equivalent, as those of the
catecholate fragments in complexes I-IV: two signals
ofthe carbon atoms of the carbonyl groups in the spec-
tra of bis-o-quinones L!'—L* are observed at 178—
183 ppm, which are absent from the spectra of com-
plexes I-IV. However, the signals of the carbon atoms
in a range of 100—130 ppm corresponding to the car-
bon atoms in the aromatic rings are observed in these
spectra.

The IR spectra of bis-o-quinones exhibit the cha-
racteristic bands of stretching vibrations of the double
C=0 bonds in a range of 1650—1680 cm~!. These
bands are absent from the spectra of complexes I-1V,
but a set of bands is observed at 1170—1300 cm~' due to
stretching vibrations of the ordinary C—O bonds of the
catecholate ligands, which are absent from the spectra
of bis-o-quinones. The IR spectra of complexes I-1V
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Fig. 1. Molecular structures of molecules (a) A and (b) B of bis-o- benzoqumone L'. Thermal ellipsoids of 50% probability.
Hydrogen atoms are omitted. Selected bond lengths and torsion angle in LIA: C(1)—0(1) 1.224(4), C(2)—0(2) 1.203(4), C(1)—
C(2) 1.549(4), C(2)—C(3) 1.480(4), C(3)—C(4) 1.347(5), C(4)—C(5) 1.478(4), C(5)—C(6) 1 364(4), C(6)—C(1) 1.472(5), C(6)—
C(15) 1.505(4), C(15)—0(3) 1.423(4), O(3)—C(16) 1.422(3), C(16)—C(16)* 1.500(7); in L'B: C(1)—=0O(1) 1.210(4), C(2)—0(2)
1.208(4), C(1)—C(2) 1.549(4), C(2)—C(3) 1.471(5), C(3)—C(4) 1.325(5), C(4)—C(5) 1.490(4), C(5)—C(6) 1.355(5), C(6)—C(1)
1.466(5), C(6) C(15) 1515§4), C(15)—0(3) 1.446(4), O(3)—C(16) 1.424(4), C(16)—C(16)* 1.520(6) A; O(1)C(1)C(2)0(2)

2.6(5)° (L'A) and 6.3(5)° (L'B).

contain bands in a range of 620—650 cm~! and those of
Sb—O at 440—470 cm~! corresponding to stretching
vibrations of the Sb—Cy,, bond, which are absent from
the spectra of the corresponding bis-o-quinones.

The molecular structures of compounds L!'—L*and
I in the crystalline state are shown in Figs. 1-5,
respectively. The presence of the flexible bridge
between the quinone (in L'—L*) and catecholate frag-
ments (in I-IV) makes it possible to expect both the
unfolded (when the distance between the fragments at
the end of the bridge is maximum) and compact (when
the distance between the fragments is considerably less
than the maximum one) forms of the molecule in the
crystal.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 46

It was found by the XRD study that the crystalline
cell of bis-o-quinone L! contained two independent
molecules (Figs. 1a and 1b) differed in geometry of the
—CH,0CH,CH,0OCH,— bridge between the o-qui-
none fragments. Both these molecules are symmetric
with the inversion center at the middle of the C(16A)—
C(16A)* and C(16B)—C(16B)* bonds, respectively.
Unlike compound L!, in compounds L?>—L* the crys-
talline cell contains only one independent molecule.
The molecules of compounds L? and L? (Figs. 2 and 3)
are symmetric with the inversion center at the middle
of the C(17)—C(17)* and C(18)—C(18)* bonds,
respectively. The molecule of compound L* (Fig. 4)
has no symmetry. The geometric characteristics of the
redox-active fragments in compounds L'—L* corre-

No. 12 2020



NEW STERICALLY HINDERED BIS-0-BENZOQUINONES

Fig. 2. Molecular structure of bis-o-benzoquinone L2. Thermal ellipsoids of 50% probability. Hydrogen atoms are omitted.
Selected bond lengths and torsion angle: C(1)—0O(1) 1.2153(13), C(2)—0(2) 1.2168(12), C(1)—C(2) 1.5547(13), C(2)—C(3)
1.4713(14), C(3)—C(4) 1.3451(14), C4)—C(5) 1.4853(13), C(5)—C(6) 1.3598(14), C(6)—C(1) 1.4768(14), C(6)—C(15)
1.5100(13), C(15)—0(3) 1.4313(12), O(3)—C(16) 1.4270(12), C(16)—C(17) 1.5174(16), C(17)—C(17)* 1.528(2) A and
O(1)C(1)C(2)0(2) 11.86(13)°.

Fig. 3. Molecular structure of bis-o-benzoquinone L3. Thermal ellipsoids of 50% probability. Hydrogen atoms are omitted.
Selected bond lengths and torsion angle: C(1)—0(1) 1.210(4), C(2)—0(2) 1.205(4), C(1)—C(2) 1.517(5), C(2)—C(3) 1.461(5),
C(3)—C(4) 1.337(5), C(4)—C(5) 1.470(5), C(5)—C(6) 1.342(5), C(6)—C(1) 1.458(5), C(6)—C(15) 1.476(5), C(15)—0O(3)
1.409(4), O(3)—C(16) 1.421(4), C(16)—C(17) 1.489(5), C(17)—C(18) 1.513(5), C(18)—C(18)* 1.493(7) A and O(1)C(1)C(2)O(2)
12.7(5)°.
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Fig. 4. Molecular structure of bis-o-benzoquinone L4
Thermal ellipsoids of 50% probability. Hydrogen atoms
are omitted. Selected bond lengths and torsion angle:
C(1)—0(1) 1.2164(14), C(2)—0(2) 1.2145(14), C(1)—C(2)
1.5479(16), C(2)—C(3) 1.4731(15), C(3)—C(4) 1.3459(15),
C(4)—C(5) 1.4822(15), C(5)—C(6) 1.3641(16), C(6)—
C(1) 1.4751(16), C(6)—C(15) 1.5061(15), C(15)—0(3)

1.4256(14), O(3)—C(16) 1.4228(13), C(16)—C(17)
1.5002(17), C(17)—0(4)  1.4122(14), O(4)—C(18)
1.4204(15), C(18)—C(19) 1.4981(18), C(19)—O(5)
1.4248(15), O(5)—C(20) 1.4216(15), C(20)—C(21)
1.5092(18), C(21)—-C(22) 1.335(5), (C(22)—C(23)

1.478(5), C(23)—C(24) 1.304(4), C(24)—C(25) 1.490(3),
C(25)—C(26) 1.565(3), C(26)—C(21) 1.4668(19), O(6)—
C(25) 1.223(3), O(7)—C(26) 1.2135(17) and
O(1)C(1)C(2)0(2) 6.5(2)°, O(6)C(25)C(26)0(7) 1.9(4)°.

spond to the values characteristic of o-quinones [46,
47, 50, 56] (C—O (1.203(4)—1.224(4) A) and C—C in
the six-membered rings (1.304(4)—1.364(4) and
1.458(5)—1.565(3) A) (Table 1). The quinone frag-
ments in compounds L'—L* are nonplanar: the C(1)—
C(6) atoms shift from the plane by 0.004—0.189 A, and
the O(1) and O(2) atoms shift from the plane by
0.053—0.451 A. The distances between the quinone
fragments (the centroids between the carbon atoms of
the quinone ring and oxygen atoms of the correspond-
ing carbonyl groups were taken for the calculation)
increase regularly with the elongation of the bridge
and are equal to 10.22(1) A (A) and 10.67(1) A (B),
12.35(1) A, 13.44(1) A for compounds L!—L3, respec-
tively. Unlike compounds L'—L3, the molecule of
compound L* exists in the folded conformation due to
the intramolecular m...H interaction between the qui-
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none ring C(1—6) and hydrogen atom of the #-Bu sub-
stituent at the C(22) atom. The dihedral angle between
the o-quinone planes is 81.6°, and the distance
between the centers of the quinone fragments is
7.83(2) A.

Unlike the initial L! in the molecule of which the
o-quinone fragments are remote from each other at
the maximum distance, the bis-catecholate ligand in
the molecule of complex I (Fig. 5) has the folded con-
formation similarly to the molecule of compound L*.
The distance between the centers of the catecholate
fragments is 8.24(1) A, which is significantly shorter
than that in L. Probably, this is due to the intramolec-
ular wm—m and H-m interactions between
PhC®9)  Ph€®3) and PhC@)—H...CatC(19-24  PhC©3)_
H...Cat®1-9 respectively. The oxygen atoms O(1,2)
and O(5,6) of the catecholate fragments are oppositely
directed, and the angle of turn is ~164°. The dihedral
angle between the O(1,2)C(1—6) and O(5,6)C(19—-24)
planes is ~54°.

Both antimony atoms are characterized by a dis-
torted tetragonal pyramidal geometry: for Sb(1) and
Sb(2) T=10.03 and 0.17, respectively (T = 0 for an ideal
tetragonal pyramid and T = 1 for an ideal trigonal
bipyramid [57]). In the metallocycle containing the
Sb(1) atom, the O(1) and O(2) oxygen atoms of the
catecholate fragment and the C(33) and C(39) carbon
atoms of two phenyl groups lie in the base of the pyra-
mid and the C(45) carbon atom of the third phenyl
group occupies the apical position. The Sb—C apical
bond is shorter than the equatorial bonds by 0.046 and
0.049 A, respectively. The antimony atom shifts from
the plane of the pyramid base by 0.529 A, and the
angles between the equatorial and axial substituents
range from 99.1(2)° to 110.0(2)°. The Sb—O(Cat)
bonds are insignificantly differentiated, and the
Sb(1)—0O(1) bond is shorter than Sb(1)—O(2) by
0.026 A. In the metallocycle containing the Sb(2)
atom, the O(5) and O(6) oxygen atoms of the catecho-
late fragment and carbon atoms C(51) and C(57) of
two phenyl groups lie in the base of the pyramid, and
the C(63) carbon atom of the third phenyl group occu-
pies the apical position. The apical Sb—C bond is
shorter than the equatorial bonds by 0.033 and
0.038 A. The antimony atom shifts from the plane of
the pyramid base by 0.496 A, and the angles between
the equatorial and axial substituents lie in the range
96.77(7)°—108.01(8)°. The Sb(2)—0O(6) bond is
shorter than Sb(2)—0(5) by 0.027 A.

In both cases, the metallocycles are nonplanar. The
inflection angles along the O...O line with respect to
the catecholate ligand plane is 15.0° for the cycle con-
taining the Sb(1) atom and 17.5° for the cycle contain-
ing Sb(2).

The geometric characteristics of the redox-active
fragments C—O (1.357(2)—1.369(2) A and C—C in the
six-membered rings (1.390(3)—1.418(3) A) corre-

No. 12 2020



NEW STERICALLY HINDERED BIS-0-BENZOQUINONES

()

@—zl

(b)
C(51)
<
0(5) t-Bu
<]
C(22)

e R
C(19)Y

t-Bu

N/
c@y CO) % _ <)
AU &
t_BuC(S) C(2) &
0Q) C(39)

Cc(33)

Fig. 5. Molecular structure of triphenylantimony(V) bis-catecholate I (a, b) from different sides. Thermal ellipsoids of 50% prob-
ability, hydrogen atoms are omitted, and #-Bu are tert-butyl substituents. The carbon atoms of four phenyl groups (except for the
C(33), C(39), C(51), and C(57) atoms bound to the central antimony atom) are omitted in Fig. 5b. Selected bond lengths and
bond angles: Sb(1)—0O(1) 2.0196(13), Sb(1)—0(2) 2.0453(13), Sb(1)—C(33) 2.1416(19), Sb(1)—C(39) 2.139(2), Sb(1)—C(45)
2.093(4), Sb(2)—0(5) 2.0417(13), Sb(2)—0(6) 2.0150(15), Sb(2)—C(51) 2.135(2), Sb(2)—C(57) 2.140(4), Sb(2)—C(63) 2.102(2),
O(1)—C(1) 1.359(2), O(2)—C(2) 1.364(2), O(3)—C(16) 1.430(2), O(3)—C(15) 1.435(2), O(4)—C(17) 1.423(2), O(4)—C(18)
1.430(2), O(5)—C(23) 1.357(2), O(6)—C(24) 1.369(2), C(1)—C(2) 1.397(3), C(1)—C(6) 1.392(3), C(2)—C(3) 1.393(3), C(3)—
C(4) 1.403(3), C(4)—C(5) 1.398(3), C(5)—C(6) 1.408(3), C(6)—C(15) 1.507(3), C(16)—C(17) 1.510(3), C(18)—C(19) 1.526(3),
C(19)—C(24) 1.400(3), C(19)—C(20) 1.418(3), C(20)—C(21) 1.390(3), C(21)—C(22) 1.398(3), C(22)—C(23) 1.392(3), C(23)—
C(24) 1.396(3) A and O(1)Sb(1)C(33) 147.74(7)°, O(2)Sb(1)C(39) 149.67(7)°, O(5)Sb(2)C(57) 156.9(3)°, O(6)Sb(2)C(51)
142.98(7)°.
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spond to the values characteristic of the catecholate
complexes [50, 58—66].

Thus, new bis-o-benzoquinones with the bridging
groups CH,—O(CH,),0—CH,— (rn =2, 4, and 6) and
—CH,—0(CH,),0(CH,),0—CH,— between the qui-
none fragments were synthesized and characterized.
New binuclear triphenylantimony(V) catecholate
complexes were synthesized on the basis of these bis-
o-benzoquinones. The molecular structures of all bis-
o-benzoquinones and one binuclear triphenylanti-
mony(V) bis-catecholate complex Ph;Sb(3,5-Cat)-6-
CH,0—(CH,),—OCH,-6-(3,5-Cat)SbPh; in the
crystalline state were determined by the XRD method.
Unlike the initial bis-o-benzoquinone, the triphe-
nylantimony bis-catecholate molecule exists in the
folded conformation, and the oxygen atoms of the cat-
echolate fragments are directed oppositely due to the
intramolecular t—n and H—m interactions.
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